Voltammetric technique was used to study the binary and ternary complexes of cadmium with L-amino acids and vitamin-C (L-ascorbic acid) at pH =7.30 ± 0.01, µ = 1.0M KNO 3 at 25ºC and 35ºC. Cd (II) formed 1:1:1, 1:1:2 and 1:2:1 complexes with L-lysine, L-ornithine, L-threonine, L-serine, L-phenylglycine, L-phenylalanine, L-glutamic acid and L-aspartic acid used as primary ligands and L-ascorbic acid used as secondary ligand. The trend of stability constant of complexes was Llysine < L-ornithine < L-threonine < L-serine < L-phenylglycine < L-phenylalanine < L-glutamic acid < L-aspartic acid which can be explained on the basis of size, basicity and steric hindrance of ligands. The values of stability constant (log β) varied from 2.23 to11.33 confirm that these drugs i.e. L-amino acids or in combination with L-ascorbic acid or their complexes could be used against Cd (II) toxicity. The study has been carried out at 35ºC also to determine the thermodynamic parameters such as enthalpy change (∆H), Free energy change (∆G) and entropy change (∆S) respectively.
Introduction
The L-amino acids and their compounds are used in biology, pharmacy, industry and laboratory reagents [1] [2] [3] . They also control transamination, decarboxylation and metabolism processes in human body. On the other hand, L-ascorbic acid (vitamin-C) is an important drug used against cancer, scurvy and reduced the risk of bronchitis or wheezing [4] [5] [6] . It is also an important drug to help the patient to increase the immune system. The person who suffered from AIDS has low concentration of vitamin-C. Vitamin-C is also responsible for the functions of various body components and organs but also keeps in order the immune system [7, 8] . The deficiency of vitamin-C causes anemia, dental cavities and thyroid insufficiency.
Cd (II) is the one of the toxic metal in the environment to which industrial civilization has exposed itself [9] . Cd (II) contents is fixed in human body but whenever the concentration of Cd increases, the human being suffers from several severe diseases like cancer of the bladder, breast, intestine, leukemic system and sometimes death can also occur. Till now, there is no suitable antidote available for Cd toxicity. At present, H 4 EDTA and its derivatives are used for Cd intoxication. Initially they reduce the toxicity of Cd (II) but eventually increase the nephrotoxicity therefore; the uses of these drugs against Cd (II) toxicity are questionable [10] . The present study is related with the formation of binary and ternary complexes of Cd (II) with selected L-amino acids and ascorbic acid by voltammetric technique with the view that these drugs or their metal complexes could be used against several severe diseases like cancer, AIDS and also metal toxicity.
Experimental
The following chemicals were used for all polarographic experiments: HNO 3 (Sigma), NaOH (Sigma), KNO 3 
, L-amino acids (Lobachem) and vitamin-C (ascorbic acid) (Fluka) and their solutions were prepared in double distilled water. The purity of L-amino acids was checked by Chromatography method [11] . The concentration of metal, KNO 3 and gelatin in test solution was 0.5 mM, 1.0 M and 0.001% respectively.
The depolarizer and ligands (i.e. amino acid and vitamin-C) were taken in the ratio 1:30:30 in the case of ternary complexes and current -voltage curves were obtained at different pH values. It has been observed that the maximum shift of E 1/2 was obtained within the pH range 7.10-8.50 but pH 7.30 was selected for studying the complexes in human blood pH [12, 13] .
Electrochemical experiments were made by simple DC polarography carried out on a manual polarograph using a (Toshniwal PL-50) polyflex galvanometer. The polarographic cell was of Laitinen and Lingane type in which polarographic capillary of 5.0 cm in length with 0.04 mm in diameter was used. The m 2/3 t 1/6 value was 2.40 mg 2/3 s -1/2 at 60.02 cm effective height of mercury. A systronic pH meter 361 was used to measure the pH of the analyte at 7.30±0.01 adjusted by using dilute solutions of HNO 3 or NaOH as required. Potassium dihydrogen phosphate-sodium hydroxide buffer was added to stabilize the pH of the analyte.
Electrochemical measurement was performed in the solutions of physiological ionic strength (1.0 M) KNO 3 as the supporting electrolyte while 0.001% gelatin was the maxima suppressor. The entire study was carried out at 298K and 308 K.
Result and discussion
Electrochemical investigation of Cd (II) complexes with L-amino acids and vitamin-C (Lascorbic acid) was performed using simple polarography. Cd (II) gives a well defined two electron reversible reduction and diffusion controlled wave in 1.0M KNO 3 at pH=7.3±0.010at 25ºC [14, 15] . The metal ion and ligands were taken in the ratio 1:30 in binary complexes and 1:30:30 in case of ternary complexes and polarograms were taken at different pH values, it has been observed that the maximum shift of E 1/2 was obtained at pH range 7.10-8.50 but pH 7.30 was selected for studying the complexes in human blood pH. All the waves of the complexes were reversible and diffusion controlled as clear from the plots between E d.e. vs. log (i d -i) / i and i d vs √h respectively [16] .
Binary complexes
[Cd _ L -amino acidate] system: The pK values of amino acids were determined by titration method [17] . The concentration of the free ligand was calculated from pK 2 value and pH of test solution. Deford and Hume [18] was used to determine the composition and stability constants of binary complexes of Cd(II) with L-lysine, Lornithine, L-threonine, L-serine, L-phenylglycine, L-phenylalanine, L-glutamic acid and Laspartic acid. The values of stability constants of binary complexes were given in Table 1 . The study has already been done at pH = 8.50 [19] , however the present study has been done at pH = 7.30 to compare the values of stability constants.
[ Table 2 and Fig. 1 were used to determine the stability constant of complexes.
To know the values of β 11 and β 12 , the study has been carried out at two constant concentration of secondary ligand [Y] = [vitamin-C] at 0.025M and 0.05M respectively. The value of stability constants of complexes were given in Table 1 . The current voltage curves of [Cd-L-lysinate-vitamin-C] at [vitamin-C] = 0.025M were given in Fig. 2 and Fig. 3 showed the polarographic experimental set up to study the interaction of Cd (II) with some Lamino acids and vitamin-C.
Comparison of stability of binary and ternary complexes
To compare the stability of binary and ternary complexes, the values of mixing constant log Km were calculated by the following equation [21] . 
Trend of stability constants of Cd (II) complexes
The sequence of stability constants of complexes with respect to ligands is L-lys < Lorn < L-thr < L-ser < L-phg < L-phe < L-glu < Lasp. It has been observed that as the size of amino acids increased the stability of its complexes decreased [22] . The stability of L-amino acid complex also depends upon the chelate ring formation and basicities of ligands [23] . In this study, the stability of lysinate complex is minimum owing to the lowest pK value of L-lysine as expected [24] . In case of L-serine and L-threonine, the stability of the latter is less than the Lserine complex owing to the fact that electron withdrawing OH -group is nearer to L-threoninate complex than L-serinate complex, causing greater repulsive forces between metal and OHgroup in L-threonine complexes than L-serine complexes [25] . In case of L-phenylglycine and L-phenylalanine, the order of stability is reversed i.e. L-phenylglycine < L-phenylalanine, this could be attributed to the presence of phenyl group lying at α-carbon atom in L-phenylglycine, whereas it is at β-carbon atom in case of L- phenylalanine causing greater repulsive forces in the former than in the latter.
The higher stability of L-aspartate complexes than L-glutamate complex is obvious from the chelate ring formation, in these amino acids, the aspartate forms one five and one sixmembered ring with the metal while L-glutamate forming one five and one seven-membered ring. As the size of ring in amino acid increases, the stability of complex decreases [26] . The stabilities of L-glutamate and L-aspartate complexes are greater than those of the L-lysinate, Lornithinate, L-threoninate, L-serinate, L-phenylglycinate and phenylalaninate complexes due to large difference in their basic strength [27] . The same is evident from pK values of L-aminoacids [28] .
In case of vitamin-C, oxygen of enediol group may take part in bond formation with Cd II , formed a five membered ring [29] .
It is clear from the values of stability constant of the complexes that vitamin-C and L-amino acids alone or in combination could be used to reduce the toxicity of Cd II in vivo. One also to consider the quantity of drugs that should not be complexed to the other essential metals present in vivo and the same could be excreted easily from the body. On the other hand, the person who suffers from AIDS has low concentration of vitamin-C therefore; his resistance can be increased by ascorbic acid therapy.
Thermodynamic parameters
The kind of complex species that can be measured with a mercury electrode depends on thermodynamic aspects [30] . Thermodynamic parameters such as enthalpy change (∆H), free energy change (∆G) and entropy change (∆S) of the complexes have been calculated by the following equations [31] . ∆H = 2.303R T 1 T 2 (logK 2 -logK 1 ) / T 2 -T 1 (1) ∆G = -2.303 RT logK (2) ∆G = ∆H-T∆S
It is clear from the values of ∆S, ∆G and ∆H in Table 3 that the values of ∆S are more negative at higher temperature and ∆G are less negative at higher temperature confirmed that complexes are not stable at higher temperature [32, 33] . The negative values of ∆H show that reactions are exothermic in nature. 
